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GHAPTER 5
HUVAN MACE  STRUCTURES
5-1. Bulkheads., Seawalls, and Revetnents.
a. General.

(1) Were beaches and dunes protect shore devel opnents, additional
protective works nay not be required. However, when natural forces do
create erosion, stormwaves nay overtop the beach and danage backshore
structures. Hunan-nade protective structures nay then be constructed or
rel ocated to provide protection. In general, neasures designed to
stabilize the shore attenpt to either harden the shore to enhance
resi stance to wave action, prevent waves fromreachi ng the shore (or
harbor), prevent waves fromovertopping an area, or attenpt to retard the
| ongshore transport of littoral drift. In this chapter, three types of
hunan- nade shore protection structures wll be di scussed:

(a) Bul kheads, seaval s, and revet nents.
(b) Jetties and breakwat ers.
(c) Goins.

(2) nshore structures, terned bul kheads, seawal |'s, and revet nents,
provi de protection, based on their use and design, for the upper beach
whi ch fronts backshore devel opnent or erodi bl e bl uffs. Shorefront owners
have resorted to shore arnoring by wave-resistant walls of various types
when justified by the economc or aesthetic val ue of the property to be
pr ot ect ed.

b. Rolein Sore Protection.

(1) nshore structures are intended to protect the shore by
reduci ng the rate of change in the shoreline. They slowthe rate of
change by protecting the shore fromwave inpact or by preventing overwash.

(2) Bulkheads and seawal |s are simlar in design wth slightly
differing purposes. Bul kheads are prinarily soil-retaining structures
whi ch are designed to al so resist wave attack (FHgure 5-1). (onversely,
seaval | s are principally structures designed to resist wave attack, but
also may retain sone soil to assist in resisting wave forces. The | and
behi nd seawal s is usually a recent fill area. Bul kheads and seawal | s nay
be built of many naterials including steel, tinber or concrete piling,
gabi ons, or rubbl e-nound struct ures.

(3) For ocean-exposed | ocations vertical bul kheads al one do not
provide a | ong-termsol uti on because of foreshore erosion, toe scour, and
flanki ng. Uhl ess conbined wth other types of protection, the bul khead
nust be enlarged into a nassi ve seawal | capabl e of wthstandi ng the direct
onsl aught of the waves (F gure 5-2). Seawal | s nay have vertical, curved,
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Nant ucket |sland, Massachusetts (1972)
(photo, courtesy of U S. Steel)

A spiash apron may be added Dimensions and detaiis 1o be
next to coping channel to ) determined by particular site
reduce domage due to overtopping conditions
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Figure 5—. Steel sheet pile bul khead
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stepped, or sloping faces. A though seawal | s protect the upland, they
often create a | ocal problem Downward forces of water, produced by waves
striking the wall, can rapidly renove sand fromin front of the wall. A
stone apron is often necessary to prevent excessive scouring and

under m ni ng.

(4 Arevetnent arnors the existing slope face of a dune or
enbanknent. It is usually conposed of one or nore | ayers of quarry stone
or precast concrete arnor units, wth a filter layer overlaying a graded
soil slope (Fgure 5-3). Revetnents are of little benefit if placed at
the toe of a narginally stable slope since they are usually only a
protective arnor and not a retaining structure. Because the sl oping face
of the quarrystone revetnent is a good energy dissipater, revetnents have
a less adverse effect on the beach in front of themthan a snoot h-faced
vertical bul khead.

c. Physical onsiderations. The littoral systemat the site of a
structure is always noving tonward a state of dynamc equilibriumwhere the
ability of waves, currents, and wnds to nove sedinent is natched by the
availabl e supply of littoral nmaterials. Wen there is a deficiency of
naterial noving wthin a system the tendency wll be for erosion at sone
location to supply the required naterial. Qice a structure has been built
along a shoreline, the land behind it wll no | onger be vul nerable to
erosion (assumng proper design of the structure), and the contribution of
littoral naterial to the systemw /|| be di mnished al ong the affected
shoreline. The contribution fornerly nade by the area nust now be
supplied by the adjoining areas. Therefore, though the structure provides
a neasure of stability to a portion of the shoreline, it may indirectly
increase the rate of erosion al ong other reaches of the shoreline (Bellis et al
1975, Carstea et al. 197 5a-b, Georgia Departnent of Natural Resources 1975,
Herbi ch and Schiller 1976, Pallet and Dobbie 1969, US Arny Engineer D strict,
Baltinore 1975, Milvihill et al. 1980). In addition, sone structures such as
bul kheads nay cause i ncreased wave reflection and turbul ence wth a
subsequent |oss of fronting beach. Swoth, vertical structures wll have the
greatest inpact on the beach and nearshore sedi nent | oss.

d. Water Quality (onsiderations.

(1) The inpacts of onshore structures on water quality result fromin-
creased suspended solids during construction and altered circul ation patterns
produced by the structure itself.

(2) Oonstruction of onshore structures nmay require excavation,
backfilling, pile driving, and nateria transport. These activities can
result in increased suspended solid | ocads wthin the adj oi ni ng wat er body
(Boberschmdt et al. 1976, Garstea et al. 197 5a-b and 1976, Environnental
Quality Laboratory, Inc. 1977, US Arny Engineer O strict, Baltinore 1975,
Mrginia Institute of Mirrine Science 1976, Milvihill et al. 1980). The
i ncreased concentration of suspended solids is generally confined to the
imnmedi ate vicinity of the construction activity and dissipated rapidly at the
conpl etion of the operation. Athough these are generally short-term
i npacts, construction
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Gal veston, Texas (1971)
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Chesapeake Bay, Maryland (1972)
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Fi gure 5-3. Quarrystone revet ment
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activities shoul d be designed to mni mze generation of suspended solids,
for exanple, by the use of silt curtains in |owenergy areas. See _
paragraph 4-11(1) (b) for a discussion of the [imtation of silt curtains.

(3 Sructures can influence water quality by altering circulation
patterns. Mdificationin circulation can result 1n changes in the spatial
distribution of water quality constituents, differences in the flushi ng
rates of potential contamnants, and changes in the scour patterns and
deposition of sedinents (Bauer 1975, Carstea et al. 1975a-b, Georgi a
Departnent of Natural Resources 1975, Miulvihill et al. 1980).

Envi ronnent al assessnent of the effects on circulation should initially
enphasi ze fundanental paraneters such as salinity, tenperature, and current
velocity. If mninal changes occur in these paraneters, then it can be
assuned that the chemcal characteristics of the systemw!| not be
significantly nodified. Prediction of changes in circulation and its
effect on the physical paraneters can be achi eved through conparison wth
exi sting projects, physical nodel studies, and nunerical sinulation (see
Appendi x B).

e. ol ogical Gonsiderations. Awde variety of living resources is
present in coastal shore protection project areas and incl udes species of
cormercial, recreational, and aesthetic inportance. Because shore
protection projects exist in arctic, tenperate, and tropical clinates,
bi ol ogical 1npacts wll generally be highly site-specific and depend upon
the nature and setting of the project.

(1) Short-terminpacts. Short-termbiol ogical inpacts are usually
associated wth the actual construction phase of the project. The actual
tine is typically short (neasured in days and weeks) and therefore can be
schedul ed to mnimze negative inpacts. Transportation of material to the
site, preparation and construction using heavy equi pnent, and backfilling
and grading wll cause tenporary air and noi se pollution close to the
site. Nesting, resting, or feeding waterfow, fish, and other wldife nay
be disrupted. Projects should be tined, where possible, to avoid waterfow
and turtle nesting periods and fish spawni ng periods. Gonstruction w |
also tenporarily reduce water quality, generally by suspendi ng sedi nents
and generating turbidity. The environnental inpacts on the benthic
communi ties resulting fromsuspended solids in the water around shore
protection construction are for the nost part mnor. Such inpacts are
particularly true in the surf zone on open coast beaches where rapid
natural changes and di sturbances are nornal and where survival of the
benthic cormunity requires great adaptability. O rapidly erodi ng banks,
construction inpacts on suspended solids nay be mni nal when conpared to
the natural condition. However, sites wth a high percentage of fine
material and in proximty to seagrass beds or coral reefs (habitats
sensitive to turbidity and siltation) wll require special consideration
and usual |y precautions such as silt curtains, where feasible. Tenporary
turbidity wll alsointerfere wth respiration and feeding, particularly of
nonnotil e bottomdwel lers. Mbst notile organisns will avoid or flee the
di sturbed area.
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(2) Long-terminpacts.

(a) Long-termeffects vary considerably dependi ng upon the |ocation, de-
sign, and material used in the structures. Placenent of coastal shore protec-
tion structures requires an initial disturbance of the benthic substrate, but
it results in the formati on of a new substrate conposed of structural nmate-
rial. In many | ocations the placement of these structures provides new habi -
tat not avail abl e otherwi se. The biol ogical productivity of the area to be
di spl aced is also inmportant. The inpact of a vertical steel sheet bul khead
| ocated at mean | ow water in a coastal marsh (highly productive habitat) wll
be considerably different froma rubble-reveted bank in an industrialized
har bor .

(b) Vertical structures in particular may accel erate erosion of the
foreshore and create unsuitable habitat for many bottom species in front of
the structure as the result of increased turbulence and scour fromreflected
wave energy. Bul kheads and revetnents can reduce the area of the intertida
zone and elimnate the inportant beach or marsh habitat between the aquatic
and upl and environment. The result can be a | oss of spawning, nesting, breed-
ing, feeding, and nursery habitat for some species. On the other hand, rubble
toe protection or a riprap revetnent extending down into the water at a slop-
ing angle will help dissipate wave energy and will provide hard-bottom habit at
for many desirabl e species.

f. Recreati onal Considerations. Bul kheads can severely limt recre-
ational use of the shoreline (Brater 1954, Mulvihill et al. 1980). In par-
ticular, they restrict public access to the water (Coastal Plains Center for
Mari ne Devel opment Service 1973, Snow 1973, Mulvihill et al. 1980). Revet-
ments al so hanper public access to the water for water contact activities.
Seawal | s are frequently designed to permt public access and to enhance beach
usage (Figure 5-4). However, where beach erosion persists in the vicinity of
t he above onshore structures, the usable portion of the recreational beach is
usual Iy di m ni shed.

g. Aest hetic Considerations. The transition between |and and water on a
natural shoreline is either gradually sloping, consisting of a beach or marsh,
or is sharply defined by a bank or scarp. Onshore structures are nore simlar
to the latter in that they often represent an abrupt visual change. Bul kheads
and revetnents can sonetines be designed to blend in with the surrounding
shoreline. For exanple, their natural appearance can be enhanced with the use
of vegetation. The use of unusual construction materials such as junk cars,
tires, or recycled construction debris would produce the greatest negative
aesthetic inpacts. Because seawal |l s are frequently |arge concrete structures
and are usually located in densely popul ated areas, particular attention
shoul d be paid to their visual inpact. The design of a structure should be
visually attractive as well as functionally sound.

h. Cul tural Resource Considerations. By reducing erosion rates, onshore

structures will generally preserve onsite cultural resources. However, this
| ocal protection can potentially increase the rate of erosion on adjacent
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shorelines. For this reason, cultural resources in the adjacent inpact area
nmust al so be eval uated and projects designed so that erosion of adjacent areas
i s avoi ded.

i Envi ronnment al Summary.

(1) Environmental design. Table 5-1 summari zed potential design nodifi-
cations that can be nade to revetnents, seawalls, and bul khead projects in
order to inprove their environmental characteristics.

(2) Environmental assessnent.

(a) Short-terminpacts. Construction activities associated with onshore
structures may include excavation, backfilling, and pile driving using both
heavy equi prent and hand | abor. The inpacts of this construction will be
simlar to the inpacts associated with other | and-based construction activi-
ties: vegetation danage, noise and air pollution, visual clutter, and other
tenmporary inpacts. Because this construction takes place on the shoreline,
however, other inpacts not usually associated with | and-based construction
activities are also possible. One of the short-terminpacts of shoreline con-
struction is the increased | evels of suspended sedinents in nearshore waters
whi ch acconpany this disturbance. Suspended sedinents and siltation can im
pact benthic communities and to a | esser extent life fornms in the water col -
um. Because of the local nature and short duration of this inmpact, it wll
be a primary consideration only in projects which are near sensitive habitats
such as coral reefs and seagrass beds.

(b) Long-terminpacts. The primary long-terminpacts of onshore struc-
tures are associated with their effect on shore processes. Though these
structures abate local erosion, they may indirectly accelerate erosion in ad-
jacent shoreline areas. This accelerated erosion will be an inmportant concern
if potentially affected areas contain marsh vegetation, riparian vegetation
or other productive habitats. Wave reflection from exposed onshore structures
may al so produce deepening of the nearshore zone. Such | osses may have recre-
ational inpacts and will alter biological habitats. Direct inmpacts of onshore
structures include displacenent of onsite habitats, nodified public access,
and aesthetic alterations.

5-2. Jetties and Breakwaters.

a. Cener al

(1) The distinction between jetties and breakwaters can be vague in that
these structures are simlar in many aspects of design and materials. They
primarily differ with respect to function. Jetties are structures built at
the nouths of rivers, estuaries, or coastal inlets to stabilize the position
and prevent or reduce shoaling of entrance channels. A secondary function of
a jetty is to protect an entrance channel from severe wave action or cross-
currents, thereby inmproving navigational safety between harbors and deep
water. Also, jetty construction can result in stabilization of the |ocation
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TABLE 5-1
Envi ronmental Design Considerations for Revetnents
Seawal | s, and Bul kheads
Fact or Desi gn Consi deration Envi ronmental Benefit
Locati on Site structure above Allows intertidal zone to

Constructi on
mat eri a

mean hi gh water

Avoi d wetl and sites,
spawni ng beds, shore-
bird and turtle nesting
beaches, bird feeding
and resting areas

Avoi d nearby coral reefs
and seagrass beds

Avoi d archaeol ogi ca
sites

Rubbl e or riprap

Treat ed wood and snoot h
concrete

Steel sheet pile

Arnor stone, |argest
cost-effective

(Conti nued)

remai n

Al l ows shoreline vegetation
to remain

Does not interfere with
littoral drift

Resource conservation
Preservation of historical
i nfformati on and features

Usual | y npst desirabl e,
natural, and durable

Most reef-1ike surface area

Intermediate desirability
and | ess surface area

Least desirable, |east col-
oni zabl e surface

More stabile physica
habi t at

More size diversity of
openi ngs
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TABLE 5-1 (Concl uded)

Fact or

Desi gn

Desi gn_Consi derati on

Envi ronnent al Benefit

Ri prap or stair-step
revetments on a sl ope
of 45 degrees or |ess
when structure is par-
tially submerged

Toe protection on struc-
tures bel ow nmean | ow
wat er

Sl opi ng structures
that are partially
subner ged

Nat ural contours and
| ack of sharp angles

Di ssi pates wave ener gy,
nore habitat for fish and
reef fish

More diverse habitat, reef-
like properties, dissi-
pates wave energy on
bottom

Reduce wave reflection
Less di sturbance of inter-
tidal habitat due to

scour

Less di sturbance of fish
nursery habit at

Aest hetical ly pleasing
Less debris capture

Reduces chance for rip cur-
rent formation
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of an inlet on a barrier beach coastline. In contrast, the primary function
of a breakwater is to protect a harbor, water basin, or shoreline from de-
structive wave forces. Thus, breakwaters provide cal mwaters for safe anchor-
ages, noorings, access points, and a host of other water resource uses. Sone
breakwaters may al so serve to create sedinent traps in the nearshore zone.

(2) There are no truly "typical" designs for jetty or breakwater struc-

tures. The multiplicity of physical, |ogistical, and econom c factors con-
sidered during the planning, design, and construction phases ensure that each
project will be unique. For exanple, the linear dinensions of a jetty struc-
ture will vary greatly fromproject to project, because the seaward extent of

ajetty is determined |largely by the distance offshore required to reach the
desi gn depth of the adjacent channel entrance. Physical factors, inmportant
froman environmental standpoint, include geonorphol ogy of the project site,
bott om t opography, wave climte, sedinment transport rates, and tide and cur-
rent reginmes, anong others.

(3) Selection of construction materials has numerous alternatives, al-
t hough jetties and breakwaters on open coastlines are predom nantly rubbl e-
mound structures. Qther types of materials include vertical wood pile, stee
sheet pile, caissons, sandbags, and, particularly in the Geat Lakes, tinber,
steel, or concrete cribs. Rubble-mound structures consist of underlying |ay-
ers of randomy shaped and placed stones that are overlaid by an arnor (cover)
| ayer of selectively sized stones or prefabricated concrete forns (Fig-
ure 5-5). Lateral toe-to-toe dinensions of rubble-nmound structures, as wel
as the slope angles of their lateral faces, vary anong projects based on de-
sign criteria for site-specific wave climtes.

(4) Jetty or breakwater configurations follow basic patterns, but also
denonstrate considerable variation to adapt to individual project conditions.
Jetties generally extend seaward fromthe shore in a perpendi cul ar fashion
but the actual angles vary fromproject to project. Updrift jetties may
i ncorporate a weir section (subnerged during sone portion of the local tida
cycle) to allow littoral sand novement across the jetty and into a deposition
basin (Figure 5-6). Sand bypassing can then be acconplished by periodic
dredgi ng of the basin. Breakwater configurations are somewhat nore diverse
than those for jetties, reflecting wider functional uses. Breakwaters can be
cat egori zed as either shore-connected or offshore (detached), and as either
fixed or floating. Comonly the | andward portion of a shore-connected break-
water |ies perpendicular to the shoreline, and the seaward extension |lies nore
or less parallel to the shore. Fixed breakwaters are constructed of materials
pl aced on the bottom substrate, whereas floating breakwaters are buoyant
structures held in position by anchors and tethers. Fixed breakwaters may be
emergent or partially or totally subnerged especially in the case of offshore
desi gns.

b. Role in Shore Protection. Jetties and breakwaters are built to serve
“stabilization" and "protection" functions. This fact infers that the
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Fi gure 5-6. Sand bypassing, Murrells Inlet, South Carolina

5-14



EM 1110- 2- 1204
10 Jul 89

environnents in which they are built are characteristically dynam ¢ and noder-
ately to highly energetic.

(1) Jetties.

(a) Jetties are structures used at inlets to stabilize the position of
t he navi gation channel, to shield vessels fromwave forces, and to control the
novermrent of sand al ong the adjacent beaches so as to nmininize the novenent of
sand into the channel. The sand transported into an inlet will interfere with
navi gati on depth. Because of the |ongshore transport reversals comon at nany
sites, jetties are often required on both sides of the inlet to achieve
conpl ete channel protection. Jetties are built froma variety of materials,
e.g., timber, steel, concrete, and quarrystone. Mst of the l|arger structures
are of rubbl e-mound construction with quarrystone arnor and a core of |ess
permeabl e material to prevent sand passing through. It is the inpoundnment of
sand at the updrift jetty which creates the major physical inmpact. Wen fully
devel oped, the inmpounded sand extends well updrift on the beach and outward
toward the tip of the jetty.

(b) The jetty's mmjor physical inmpact is the erosion of the downdrift
beach. Before the installation of a jetty, nature supplies sand by inter-
mttently transporting it across the inlet along the outer bar. The reduction
or cessation of this sand transport due to the presence of a jetty |eaves the
downdrift beach with an inadequate natural supply of sand to replace that car-
ried away by littoral currents.

(c) To mninmze the downdrift erosion, sone projects provide for period-
ically dredging the sand i npounded by the updrift jetty and punping it through
a pipeline (bypassing the inlet) to the downdrift eroding beach. This punping
provi des for nourishment of the downdrift beach and al so reduces shoal i ng of
the entrance channel. If the sand inpounded at the updrift jetty extends to
the head or seaward end of the jetty, sand will nove around the jetty and into
t he channel causing a navigation hazard. Therefore, the purpose of sand by-
passing is not only to reduce downdrift erosion, but also to help maintain a
saf e navi gati on channel

(d) One design alternative for sand bypassing involves a | ow section or
weir in the updrift jetty over which sand noves into a sheltered predredged,
deposition basin. By dredging the basin periodically, channel shoaling is re-
duced or elimnated. The dredged nmaterial is periodically punped across the
navi gati on channel (inlet) to provide nourishment for the downdrift shore. A
weir jetty of this type is shown in Figure 5-6. Environnental considerations
of beach nouri shment have been di scussed in Chapter 4.

(2) Breakwaters.
(a) Breakwaters are wave energy barriers designed to protect any | and-
formor water area behind themfromthe direct assault of waves. However,

because of the higher cost of these offshore structures as conpared to onshore
structures (e.g. seawalls), breakwaters have been mainly used for harbor
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protection and navi gational purposes. In recent years, shore-parallel, de-
tached, segnented breakwat ers have been used for shore protection structures.

(b) Breakwaters have both beneficial and detrinental effects on the
shore. All breakwaters reduce or elinminate wave action in the |ee (shadow).
However, whether they are offshore, detached, or shore-connected structures,
the reduction or elimnation of wave action al so reduces the |ongshore trans-
port in the shadow. For offshore breakwaters, reducing the wave action | eads
to a sand accretion in the |ee of the breakwater in the formof a cuspate
sandbar (called a tombol o when a conpl ete connection is nade between the orig-
i nal beach and structure), which grows fromthe shore toward the structure.

(c) Shore-connected breakwaters provide protection to harbors from wave
action and have the advantage of a shore armto facilitate construction and
mai nt enance of the structure.

(d) At a harbor breakwater, the |ongshore nmovenent of sand generally can
be restored by punping sand fromthe side where sand accunul ates through a
pi peline to the eroded downdrift side.

(e) O fshore breakwaters have al so been used in conjunction wth naviga-
tion structures to control channel shoaling. If the offshore breakwater is
pl aced i mredi ately updrift from a navi gati on opening, the structure inmpounds
sand in its lee, prevents it fromentering the navigation channel, and affords
shelter for a floating dredge plant to punp out the inpounded material across
the channel to the downdrift beach

(f) \While breakwaters have been built of everything from sunken ships to
| arge fabric bags filled with concrete, the primary material in the United
States is a rubble-mound section with arnmor stone encasi ng underl ayers and
core material. Sone European and Japanese breakwaters use a subnerged nound
foundation in deeper water topped with concrete superstructure, thereby reduc-
ing the width and overall quantity of fill material necessary for harbor
protection.

C. Physi cal Consi derati ons.

(1) Jetty or breakwater construction is invariably acconpani ed by |ocal -
i zed changes in the hydrodynanmic regi me, creating new hydraulic and wave
energy conditions. The initial disruption of the established dynam c equilib-
riumw |l be followed by a trend toward a new set of equilibriumconditions.
Rapi d dynam c alterations in the physical environnment may occur in the short-
termtime sale as the shore processes respond to the influence of the new
structures. Slower, nore gradual, and perhaps nore subtle changes may occur
over the long term

(2) In light of the dynam c character of shore processes, assessment of
the effects of coastal engineering projects on shorelines is a difficult task.
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Shor el i ne changes i nduced by the presence of a structure may be nmasked by wide
annual or seasonal fluctuations in natural physical processes. Severa

events, however, can be predicted in response to jetty or breakwater construc-
tion with reasonable certainty. For exanple, by creating wave-sheltered

areas, construction will result in changes in the erosional and depositiona
patterns al ong adj acent beaches, both inshore and offshore. Ajetty or shore-
connected breakwater will forma barrier to | ongshore transport if the struc-
ture extends seaward beyond the surf zone. In the particular case of a
jettied inlet, sediment will tend to accrete on the seaward si de (opposite the
entrance channel) of the updrift jetty. Spatial extent of the ensuing shore-
line alteration will depend on the structure’'s effectiveness as a sedi nent
trap, which is a function of its orientation to the inlet and to the prevail -
ing wave climate. Updrift accretion of sedinments will continue until the sink
area is filled to capacity and the readjusted shoreline deflects |ongshore
transport past the seaward term nus of the jetty. The volume of sedinment
trapped by the structure represents material renmoved fromthe natural sand
bypassi ng process. Consequently, the downdrift shoreline will be deprived of
this sedi nent and becone subject to erosion. In circunstances where waves are
refracted around the structures in a proper nanner, accretion can occur along
the seaward side of a downdrift jetty. Reflection of waves froma jetty may

al so cause erosion of adjacent shorelines. However, erosion further down the
shoreline is not precluded. Planning for adequate sand bypassing is, in view
of the above considerations, a critical requirement of coastal structure
construction.

(3) Erosion at jetty project sites will not necessarily be limted to
downdrift shorelines. Jetties redirect the course of the main ebb channel and
confine ebb flows through an inlet such that current velocities are increased.
An enhancerment of ebb jet flows will result in displacenent of sedinments from
between the jetties in a seaward direction to deeper waters. Also, sedinments
conprising the ebb-tidal delta will be shifted and redistributed, possibly
| eading to additional disruption of the natural sand bypassi ng process and
exacerbation of downdrift erosion.

(4) Shore-connected breakwaters affect shorelines in nmuch the sane nman-
ner as jetties. Accretion occurs along the updrift junction of shore and
structure and continues until |ongshore transport is deflected around the free
end to the breakwater. Calmwaters in the protected | ee of the breakwater
provide a depositional area which can rapidly shoal (Figure 5-7). Sedinents
trapped in the accretional area and termninal shoal are prevented from reaching
downdrift beaches, and substantial erosion may result.

(5) O fshore breakwaters create depositional areas in their "shadows" by
reflecting or dissipating wave energy. Reduction of wave energy inpacting a
shoreline in the lee of the structure retards the |ongshore transport of
sedi ments out of the area and accretion ensues. The extent of accretion wll
depend on the existing bal ance of shore processes at a given project site.
General ly, a cuspate spit will devel op between the shoreline and the structure
as the system approaches a new equilibrium (Figure 5-7). However, if the
breakwater is situated in the littoral zone such that it forns a very



EM 1110- 2- 1204
10 Jul 89

BREAK WATER\,
C )

§SAND ACCRETION

VAL SHORELRE.

Fakd

s Tt Ll

DETACHED

EMERGENT BREAKWATER

N OF NET LONGSHORE

»>

—~BREAKWATER

Y. e

ATTACHED BREAKWATER
Fi gure 5-7. Erosi on and accretion patterns in association
wi th detached and attached breakwaters



EM 1110- 2- 1204
10 Jul 89

ef fective sediment trap, a conplete connection will eventually form nmerging
the shoreline with the structure. A tonbolo associated with an offshore
breakwat er may present a severe obstruction to littoral transport and trap a
significant volume of sedinment. Extensive downdrift erosion may result.

(6) By nodifying the cross-sectional area of an inlet, jetty construc-
tion potentially can alter the tidal prism or volune of water entering or
exiting through an inlet in one tidal cycle (usually excluding freshwater in-
flow). Enlarging an inlet can increase the tidal range within a harbor. In
connection with channel deepening projects, seawater may intrude further into
estuaries, enbaynents, or rivers than occurred under preproject conditions.
Circulation patterns within a basin may be altered as a consequence of nodi -
fied floodwater current conditions. Thus, the area physically affected by
jetty construction mght be extended appreciable distances fromthe actua
project site. Conceivably, in systenms with rmultiple connections to the sea,
jetty construction at one inlet might elicit a response at a second inlet.

d. Water Quality Considerations.

(1) Suspended sedinents. During the construction of a breakwater or
jetty, suspended sedi nent concentration nmay be elevated in the water inmredi-
ately adjacent to the operations. |In many instances, however, construction
will be occurring in naturally turbid estuarine or coastal waters. Plants and
animal s residing in these environnents are generally adapted to, and are very
tol erant of, high suspended sedi nent concentrations. The current state of
knowl edge concerni ng suspended sedi nent effects indicates that anticipated
| evel s (generally less than 1,000 nmilligrams/|l) generated by breakwater or
jetty construction do not pose a significant risk to nost biological re-
sources. Limted spatial extent and tenporal duration of turbidity fields
associ ated with these construction activities reinforce this assessnent. How
ever, when construction is to occur in a clear water environment, such as in
the vicinity of coral reefs or seagrass beds, precautions should be taken to
m ni m ze the amounts of resuspended sedi ments. Organisns in these environ-
nments are generally less tolerant to increased siltation rates, reduced |evels
of available light, and other effects of el evated suspended sedi nent concen-
trations. Potential negative inpacts can be somewhat alleviated by erection
of a floating silt curtain around the point of inpact when current and wave
conditions allow However, the high-energy conditions usually associated with
jetty and breakwater construction will generally preclude the use of silt
curtains.

(2) Oher water quality inpacts. Indirect inpacts on water quality may
result from changes in the hydrodynam c regine. The nost notabl e inpact of
this type is associated with breakwaters which forma seniencl osed basin used
for small boat harbors or marinas. If the flushing rate of the basin is too
slow to provi de adequate renoval of the contam nants, toxic concentrations may
result. Also, fluctuations in paraneters such as salinity, tenperature, dis-
sol ved oxygen, and dissol ved organics may be induced by construction or due to
altered circulation patterns. Anticipated changes in these paranmeters shoul d
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be evaluated with reference to the known ecol ogi cal requirenents of inportant
bi ol ogi cal resources in the project area.

e. Bi ol ogi cal Consi derati ons.

(1) Habitat |osses. Measurabl e amounts of bottom habitat are physically
eradicated in the path of fixed jetty or breakwater construction. If a
rubbl e-mound structure with a toe-to-toe width of 50 neters (164 feet) is used
as an exanple, one linear kiloneter (0.6 nile) of structure renpves approxi-
mately 5 hectares (12.5 acres) of preexisting bottomhabitat. Once a struc-
ture is in place, water currents and turbul ence along its base can produce a
scouring action, which continually shifts the bed material. Scour hol es may
devel op, particularly at the ends of structures. Scouring action may effec-
tively prevent the colonization and utilization of that habitat area by
sedi nent -dwel | i ng organi sns. Effects of scouring are largely confined to
entrance channels and narrow strips of bottom habitat i mediately adjacent to
structures. Usually, only a portion of the perinmeter of a structure will be
subj ect to scouring, such as along the channel side of an inlet’s downdrift
jetty. Cenerally, the anpunt of soft bottom habitat |ost at a given project

site will be insignificant in conparison with the total amount of that habitat
avai | abl e. Exceptions to this statenent may exist, such as where breakwater
construction and dredgi ng of the total enclosed harbor area will displace

| arge acreages of intertidal mudflats. Often such habitats serve critica
functions as nursery areas for estuarine-dependent juvenile stages of fishes
and shellfishes, and the availability of those habitats will be a deternining
factor in the popul ation dynam cs of these species. Additional habitat |osses
may occur when significant erosion of downdrift shorelines inpact spawni ng or
nesting habitats of fishes, shorebirds, or other organisms and when the tida
range of a harbor or bay is nodified by entrance channel nodification which in
turn affects coastal habitat. Short-terminpacts of this type may al so occur
during construction activities as heavy equi pment gains access to the project
site.

(2) Habitat gains.

(a) Losses of benthic (bottom) habitat and associ ated benthos (bottom
dwel | i ng organi sns) due to physical eradication or scouring will gradually be
of fset by the gain of new habitat represented by the structures thensel ves and
t he biol ogi cal conmunity, which beconmes established thereon. The trade-off
made in replacing "soft" (nud or sand) bottom habitat with "hard" (rock, at
| east in rubble-mund structures) bottom habitat has generally been viewed as
a beneficial inpact associated with jetty and breakwater projects. Subnerged
portions of jetties and breakwaters, including intertidal segments of coasta
structures, function as artificial reef habitats and are rapidly col oni zed by
opportuni stic aquatic organi snms. Over the course of tine, structures in nma-
rine, estuarine, and nost freshwater environnents devel op diverse, productive,
reeflike communities. Detail ed descriptions of the biota col onizing rubble-
mound structures have been made for project sites on the Pacific (Johnson and
De Wt 1978), Atlantic (Van Dol ah et al. 1984), Gulf of Mexico (Hastings 1979,
VWhitten et al. 1950), and G eat Lakes (Manny et al. 1985) coastli nes.
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In some geographical areas jetties and breakwaters provide the only nearshore
source of hard-bottom habitat. Al so, exposed portions of detached structures
may be col oni zed by seabi rds.

(b) The ultimte character of the biological community found on a jetty
or breakwater will depend on the quality of habitat afforded by the construc-
tion materials used. Physical conplexity (i.e., rough surfaces with many
interstitial spaces and a high surface area to volunme ratio) is a desirable
feature of rubbl e-nmound structures in conparison with the relatively snoot h,
flat surface of steel sheet pile or caisson structures. The sloping sides of
rubbl e-mound structures al so maxim ze the surface area of habitat created.
Structures with sloping sides also provide nore habitat within a given depth
interval than structures with vertical elenents. \Were depths are sufficient,
the biota on jetties and breakwaters exhibit vertical zonation, with different
assenbl ages of organisns having discrete depth distributions. In genera
then, structures built in deep waters will support a nore diverse flora and
fauna than those in shallow waters. This pattern will be influenced by such
factors as latitude and tidal range.

(c) Just as changes in shoreline configuration and beach profile can
entail habitat [oss, so can they represent habitat gain. Accretional areas,
such as cuspate spits, tonbol os, and exposed bars, and the above water portion
of structures may be used, for exanple, by wading and shorebirds for nesting,
feeding, and resting sites.

(3) Mgration of fishes and shellfishes.

(a) Eggs and larvae. Early life history stages, nanely eggs and | arvae,
of many inportant conmercial and sport fishes and shellfishes are al nbost en-
tirely dependent on water currents for transportati on between of fshore spawn-
ing grounds and estuarine nursery areas, A concern which has sonetimes been
voi ced by resource agencies in relation to jetty projects is that altered pat-
terns of water flow through coastal inlets nay adversely affect the transport
of eggs and | arvae. Jetties displace the entrance to an inlet to deeper wa-
ters, perhaps forning a barrier to successful entry by eggs and | arvae. Those
eggs and | arvae carried by |longshore currents m ght be especially susceptible
to entrapnent or delay in eddies and slack areas formed adjacent to updrift
jetties at various tines in the tidal cycle. Even short delays in the passage
of eggs and | arvae to estuaries may be significant because of critical rela-
tionshi ps between the devel opnental stage when feeding begins and the avail -
ability of their food itens. Al aspects of this potential inpact remain
hypot heti cal . Mechani sns of egg and | arval transport across shelf waters and
through inlets, as well as their retention within estuaries, have not been ex-
pl ained to date. No conclusive evidence exists to support either the presence
or absence of inpacts on egg and larval transport. This fact is true even
where jettied inlets have been present for relatively long spans of time, such
as along the Texas coast. The conplexity of the physical and biol ogical pro-
cesses involved would render field assessnents of this inpact a | ong-term and
expensi ve undertaking. Even if sone degree of inpacts in terms of nunmbers of
eggs and | arvae successfully transiting an inlet could be denonstrated to
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occur, the relative significance of the inpact would be difficult to estimate.
The results of hydraulic nodeling studies related to this question have been

i nconclusive (US Army Corps of Engineers 1980). Future nodeling studies com
bined with field verification studies may provide insight into resolving the
validity of this concern.

(b) Juveniles and adults. Simlar concern has been voiced regardi ng po-
tential inpacts of jetties and breakwaters on migrations of juvenile and adult
fishes and shellfishes. These stages generally have wel | -devel oped swi mm ng
capabilities, such that physical barriers inposed by these structures are |ess
of a concern than are behavioral barriers. This issue has been raised primar-
ily in association with projects in the Pacific Northwest, and w th anadronous
fishes in particular. Anadromous fishes, including many sal noni ds, spend much
of their adult life in the ocean, then return to fresh water to spawn. Early
life history stages spend various lengths of time in fresh water before noving
downstreamto estuaries where the transition to the juvenile stage is com
pl eted. Specific concerns are that juveniles or adults will not circunmvent
structures that extend for considerabl e di stances offshore. Juveniles in par-
ticular are known to migrate in narrow corridors of shallow water al ong coast-
lines and may be reluctant, due to depth preferences, to nove into deeper
waters. The State of Washi ngton has devel oped criteria, whereby continuous
structures that extend beyond nean | ow water (MW are prohibited. Designs of
coastal structures there are required to incorporate breaches or gaps to ac-
conmodat e fish passage.

(4) Increase predation pressure. Coastal rubble-nmound structures pro-
vide substrate for the establishment of artificial reef conmunities. As such
jetties and breakwaters serve as a focal point for congregations of fishes and
shel | fi shes which feed on sources of food or find shelter there. Many | arge
predat or species are anong those attracted to the structures in nunbers, as
evi denced by the popularity of jetties and breakwaters as sites of intense
sport fishing. Thus, there is concern, again largely associated with projects
in the Pacific Northwest, that high densities of predators in the vicinity of
jetties and breakwaters pose a threat to egg, larval, and juvenile stages of
i mportant species. For exanple, fry and snolt stages of several species of
sal mon are known to congregate in snmall boat harbors prior to noving to the
sea. The concern raised is that these young fishes are exposed to numerous
predators during their residence near the structures. As is the case with the
concern for inmpacts on mgration patterns, this concern remains a hypothetica
one. Concl usive evidence denmonstrating the presence or absence of a signifi-
cant inmpact is unavailable and will be exceedingly difficult to obtain.

f. Recr eati onal Considerations. The primary inpact of breakwaters on
recreational use of the beach depends |argely upon the type of use the beach
recei ves. Breakwaters reduce nearshore wave clinmate, which is generally bene-
ficial to swimng, scuba diving, and wading activities. They may al so cause
a w dening of the beach, which can result in increased recreational area.
Figure 5-8 illustrates a wi de beach accreted adjacent to a breakwater. Owner-
ship of accreted beaches is determ ned by state | aw unl ess agreenents are
otherwi se entered into prior to construction of the project. Dimnished waves
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will, however, reduce opportunities for body or board surfing activities.
Speci al interest groups such as surfers may therefore vocally oppose detached
breakwat er projects. When breakwaters are used to shelter harbors or jetties
are used to stabilize inlets, they benefit recreational boating (Figure 5-8).
They may al so act as fish attractors and may be used as fishing platforms.
However, for safety reasons access to jetties for fishing is often prohibited.
In other projects, wal kways and handrails are provided to enhance fishing
opportunities on these structures.

g. Aest hetic Considerations. Detached breakwaters are usually far
enough fromthe beach that they do not produce visual inpacts (Cole 1974).
Jetties will visually alter shore views. The texture and shape of the jetty
inrelation to the overall shoreline scene should be considered in jetty
desi gn (Snow 1973).

h. Cul tural Considerations. By reducing shore erosion or stabilizing
inlet |ocation, breakwaters and jetties will, generally, preserve onsite cul -
tural resources. However, this local protection can potentially increase the
rate of erosion on adjacent shorelines. For this reason, cultural resources
in the adjacent inmpact area nust al so be eval uated. Lighthouses and ot her
historically inmportant structures are often found in close proximty to
inlets.

i Envi ronment al Summary.
(1) Envi ronment al design

(a) Every jetty or breakwater project scenario should incorporate engi-
neering design, econonic cost-benefit, and environnental inpact eval uations
fromthe inception of planning stages. Al three elenments are interrelated to
such a degree that efficient project planning denmands their integration
Envi ronment al consi derati ons should not be an after thought. Structure design
criteria should seek to mininize negative environnental inpacts and optim ze
yi el d of suitable habitat for biological resources. Mnimzing inpacts can
best be achieved by critical conparisons of a range of project alternatives,
including the alternative of no construction. From an environnmental perspec-
tive, site selection is perhaps the single nobst inportant decision in the
pl anni ng process. However, various engi neering design features can be incor-
porated to optim ze an alternative from an ecol ogi cal viewpoint. For exam
ple, opting for a floating rather than fixed breakwater design night alleviate

nost concerns related to inpacts on circulation, littoral transport, and the
m gration of fishes, because passage is allowed beneath the structure. Float-
ing breakwaters are also excellent fish attractors and still provide substrate

for attachment and shelter for many ot her organi sns.

(b) In planning breakwaters for snmall boat harbors, configurations which
m ni m ze flushing problenms shoul d be exam ned. Rectangul ar basi ns which maxi -
nmze the area available for docks and piers characteristically have poor water
circulation, particularly in the angul ar corner areas. Designs wth rounded
corners and entrance channels |located so that flood tidal jets provide
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adequate m xi ng throughout the basin are desirable. Selection of a | ess steep
rubbl e- mound si desl ope angle will naximze the availability of intertidal and
subtidal habitat surface areas. The size class of stone used in arnor |ayers
of rubbl e-nmound structures is another engineering design feature that has

habi tat val ue consequences. Selection of |large-size material results in a

het erogeneous array of interstitial spaces on the finished structure. Hetero-
geneity rather than uniformty enhances the quality of the structure in terns
of refuge and shelter sites for diverse assenbl ages of fishes and shellfishes.

(2) Envi ronnent al assessnent.

(a) Short-terminpacts. Actual construction activities for jetties and
breakwaters entail a nunber of potential inpacts of durations generally |ess
than several days or weeks. These inpacts will vary in type and frequency
fromproject to project. For exanple, tenporary or permanent access roads nmay
have to be built to allow transportati on of heavy equi pnent and construction
materials to the site. G ading, excavating, backfilling, and dredgi ng opera-
tions will generate short-term epi sodes of noise and air pollution and may
locally disturb wildlife such as nesting or feeding shorebirds. Project ac-
tivities should be scheduled to m ninize disturbances to waterfow , spawning
fishes and shellfishes, nesting sea turtles, and other biological resources at
the project site. Precautions should also be taken to reduce the possibility
of accidental spills or |eakages of chemicals, fuels, or toxic substances dur-
ing construction activities. Effort should be expended to mnimze the pro-
duction and rel ease of high concentrations of suspended sedi ments, especially
where and when sensitive biological resources such as corals or seagrasses
could be exposed to turbidity plunes and increased siltation rates. Dredging
of channels in conjunction with jetty or breakwater projects presents a need
for additional consideration of short-terminpacts in relation to suspended
sedi ment s.

(b) Long-terminpacts. Long-terminpacts of jetty or breakwater con-
struction are less definitive or predictable. Utimte nearfield effects on
littoral sedinent transport can be expected to becone evident within severa

seasonal cycles. These effects will vary according to a given project’s
environnental setting and specific engineering design. For exanple, periodic
mai nt enance dredging will be required for catch basins adjacent to weir jet-

ties. Consequences of constructing coastal structures on farfield shore pro-
cesses are presently understood only qualitatively.

5-3. Goins.

a. Gener al

(1) Goins are barrier-type structures that extend fromthe backshore
into the littoral zone. Although single groins are constructed on occasion

groins are generally constructed in series, referred to as a groin field or
system along the entire I ength of beach to be protected.
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(2) Groins have been constructed in various configurations which are
classified as high or low, long or short, perneable or inpernmeable, and fixed
or adjustable. A high groin, extending through the surf zone for ordinary or
noderate stormwaves, initially entraps nearly all of the |Iongshore noving
sand within that intercepted area, until the accunul ated sand fills the en-
trapnment area and the sand passes around the seaward end of the groin to the
downdrift beach. Low groins (top profile no higher than that of desired beach
di mensi ons or natural beach elevation) trap sand |ike high groins. However
some of the sand al so passes over the top of the structures. Perneable groins
permt some of the wave energy and novenent of sand through the structure.

(3) A number of factors are taken into consideration in the design of
groins. As with other coastal structures, the prevailing wave climate at a
project site is of paranount inportance. Wave energi es and the angle of wave
approach onto a beach are critical factors in predicting the response of a
shoreline to groin construction. The direction and rate of littoral drift
will also determ ne design specifications. Additional factors include the
exi sting pattern of water currents and the spatial distribution of accretiona
and depositional areas. These factors are essentially identical to those con-
sidered in the previous section on jetties and breakwaters. |ndeed, the mgjor
di fferences between groins and these structures are in terns of function
rather than form In general, groins are smaller, |ess massive structures
than jetties or breakwaters. An exanple of rubble-mound groin design is
depicted in Figure 5-9. The length or seaward extent of a groin will largely
deternmine the initial effectiveness of the structure as a barrier to littora
transport, so that the design length will vary fromproject to project. In
nost cases, a groin will be built out to the distance at which i ncom ng waves
exert their maxi mum force on bottom sedi ments. The length of a groin will de-
termne the ultimate rate of sedi nent passage around the end of the structures
(end passing), whereas the design height of the groin will largely determ ne
the rate of sedi ment nmovenment over the structure (overpassing). Overpassing
can be augnented by incorporation of one or nore weir sections into the groin
or groin field design. The shoreward term nus of a groin is generally set
sufficiently far inshore that abnormally high tides will not flank the struc-
ture, thereby preventing possible scouring, undercutting, and failure.

(4) As in the case of jetties and breakwaters, a w de variety of mate-
rials are used in the construction of groins. |nperneable groins can be con-
structed of stone (rubbl e-nmound), sheet piles (concrete, tinber, or steel), or
asphalt. Often these materials are used in conbination; for exanple, concrete
may be set as a grout or cap in rubble-nound groins. In addition to the above
mat eri al s, perneabl e groins can be made of sand bags, |arge stones, and earth,
or by slots created in sheet-pile structures, although these are not comonly
enpl oyed. Sel ection of construction materials depends on foundation charac-
teristics of the seabed as well as cost and availability factors.

b. Rol e in Shore Protection. The basic purpose of groins is to nodify
t he | ongshore novenent of sand and to either accumul ate sand on the shore or
retard sand | osses. Trapping of sand by a groin is done at the expense of the
adj acent downdrift shore unless the groin or groin systemis artificially
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filled wth sand to its entrapnent capacity fromother sources. To reduce
the potential for damage to property downdrift of a groin, sone limtation
nust be inposed on the amount of sand permtted to be i npounded on the
updrift side. It is desirable, and frequently necessary, to place sand
artificially to fill the area between the groins, thereby ensuring an

uni nterrupted passage of the sand to the downdrift beaches. Wien fill is
used, the groin functions to anchor the fill nmaterial. In either instance,
groi ns provi de shore protection by nodifying | ongshore sand transport.

c. Physical Gonsiderations.

(1) The effects of groins on shore processes are very simlar to
those discussed in reference to jetties and breakwaters. Goin
construction wll initially disturb the bal ance or equilibrium between
physi cal Iorocesses at agiven project site. Wth the passage of tine, the
systemw || tend to devel op sone new set of equilibriumconditions. The
reader is referred to the discussion of physical inpacts in the preced ng
section on jetties and breakwat ers.

(2) By creating a barrier to littoral transport, groins cause changes
in both shorelines and beach profiles. Entrapnent of [ittoral drift
results in the gradual buildup of a fillet on the gBdrift side of a groin.
The fillet wll growuntil the vol une of the avail abl e sedi nent sink
reaches capacity and the rate of littoral drift is accomodated b
endpassi ng or overpassing of the structure. Accretion of the updrift beach
also shifts the location of the breaker zone offshore. Downdriftt
shorel i nes, however, wll be deprived of that vol une of sand accreted
updrift of the groin and becone susceptible to erosion. The overal l
di spl acenent of both updrift and downdrift shorelines wll reflect the

roin's relative effectiveness as an obstruction to littora transport
Fgure 5-10). In turn, effectiveness as a transport barrier wll largely
be determned by the orientation of the groin to the direction of

appr oachi ng waves. Adjustnent of the shorelines wthin the influence of a
groin or groin field wll tend toward achieving nornality, i.e., shorelines
perpendi cul ar to the direction of wave approach. Net littoral |ongshore
transport is reduced to zero when waves nove onto shore in a nornal or

8_er pendi cul ar nanner, thus expending their energy equally in both | ateral

i rections.

(3 mana?es in beach profiles in response to groin construction can
be substantial. Gowh of the updrift fillet alters the | ocations and

sl opes of the foreshore and nearshore zones. The alteration nay al so cause
sel ective settlenment of sedinents of different size categories along the
beag_h profile and result in graded rather than uniformsubstrate

condi t1 ons.

(4 Goins nay interfere wth the onshore-of fshore transport process
by di splacing the position of |ongshore currents and rip currents. Rp
currents wthin groin conpartnents (the area between two consecutive groins
inagroin field) nay displace sedinents fromthe shal | ow beach areas,
carry themby jetting action, and deposit themin deeper offshore areas,
thus preventing themfrombeing carried to downdrift sections of the
beach. Rp currents can be generated as the | ongshore novenent
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of water is deflected seanard by the presence of a groin.
d. Witer Quality (onsiderations.

(1) Goin construction operations nay induce short-termepi sodes of
el evat ed suspended sedi nent concentrations in the water colum. This
inpact wll usually be limted to the water i nmmedi atel y adj acent to the
structure. Hstorically, concerns have been raised in connection wth

otential detrinental Inpacts of high suspended sedi nent | oads on

i ol ogi cal resources. However, the present state of know edge on this
topic allows an assessnent that concentrations of suspended sedi nents
found at groin construction projects pose mninal risk to lost flora and
fauna likely to occur at these sites. Mbst estuarine and coastal narine
organisns are highly tolerant to el evated suspended sedi nent
concentrations for noderate to extended periods of tine. As was stated in
the discussion relevant to jetties and breakwat ers, however, precautions
such as the installation of silt curtains shoul d be consi dered when

feasi bl e, where sensitive resources such as coral reefs and seagrass beds
are located in the vicinity of a project.

(2) Because groins change | ocal patterns of water circul ation, sane
changes in water quality paraneters nay al so be anticipated. Sight
fluctuations in tenperature, dissolved oxygen, and di ssol ved organi cs nay
occur in the sheltered waters in the | ee of groins. These inpacts shoul d
be insignificant for nost groin project scenarios.

e. Bological Onsiderations.

(1) Habitat alterations, both | osses and gains, associated wth
groin construction projects are anal ogous to those di scussed for jett% and
breakwat er projects. Because groins are generally snall er structures by
conpari son, these habitat changes are usually on a snal |l er scal e.
Qonstruction operations wll physically displace existing bottom habitat
covered by the placenent of structural naterials, particularly in the case
of rubble-nound groins. This habitat |oss wll be suppl enented by
scouring effects of water novenent al ong the base of the structures. The
anounts of bottomhabitat involved will be deﬁendent upon t he nunber,
| ocation, and size of groins inrelation to the total available habitat.
Exceptional cases, such as tidal flats, do exist and shoul d be examned on
a project by project basis. Initial bottomhabitat | osses are |ater
offset at least In ﬁart by the habitat reBresented by the structures
thensel ves. Gten the local diversity of bottomhabitats, including the
presence of scour holes, wll be enhanced by groin construction. Were
scouring effects woul d represent unacceptabl e habitat |oss, they can be
mni mzed by proper design of the groin, for exanple, by inclusion of a
wei r section.

(2) Habitat gains are evidenced by the biota whi ch becones
establ i shed upon groin structures, although due to the shall ow nature of
groins, these biological comunities are sonewhat | ess diverse than those
on larger jetties and breakwaters built of simlar naterial s.
Nevert hel ess, groins provide
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substrate which serves as artificial reef habitat in the nearshore zone.
Rubbl e--nound groins especially afford a physical |y conpl ex habitat in
support of productive invertebrate and fish assenbl ages.

(3) Habitat |osses and gains can al so take pl ace on shorelines
i nfluenced by groin structures. Were the shoreline response occurs al ong
the periphery of a fringing narsh or other wetland, downdrift erosion or
updrift accretion can result in significant adverse inpacts. These
i npacts nust be wei ghed agai nst the eventual habitat |osses incurred if
stabilization by groins or other alternatives is not acconplished. Goin
associ ated accretional areas nmay provide substrate for the establishnent
of beach vegetation. Shoreline responses to groins nay al so represent
loss or gain of wldlife or fishery habitat in the formof nesting,
Spawni ng, nursery, resting, feeding, or shelter areas.

(4 Swal groins have not been docunented or inplicated to have
effects on the novenents or mgration patterns of fishes and shell fishes.
Goins are very effective fish attractors and provi de excel | ent sport
fishing sites. Predation effects, as discussed under the biol ogi cal
inpacts of jetties and breakwaters, have not been a significant topic of
concerninrelation to groin projects. These structures, particul arly
t hose of rubbl e-nound construction, nay provide benefici rotective
cover, as well as feeding and resting areas for both juvenile and adul t
fishes and shel | fi shes during coastal mgrations.

f. Recreational (onsiderations. By increasing beach wdth, groins

i ncrease beach area availabl e for use. However, they can be a safety
hazard to nearshore recreation activities such as swnmng, wnd surfing,
board surfing, and shallowwater diving. Potentially dangerous conditions
can be created where the waves first encounter the structure or where rip
currents are created between groins. Scour hol es adj acent to groins al so
constitute safety hazards to nonsw nmers. A so, sone groin structures nay
inpede | ateral novenent of beach users.

g. Aesthetic Gonsiderations. he conmon feature of natural beaches
is the presence of long, straight stretches of sand. Goin fields usually
alter beach topography into a series of abrupt indentations (H gure
5-10). In addition, the naterials used to construct groins and their
linear configuration substantially alter the scenic character of the beach
(Hgure 5-11).

h. Qiltural Gonsiderations. Goins can protect onsite cul tural
resources by reduci ng shore erosion. Hwever, the downdrift erosion
usual | y associated wth groins can potentially threaten cul tural resources
in adjacent areas. For this reason, cultural resource | osses in the
adj acent inpact areas nust al so be considered. Qultural resource surveys
shoul d be conducted prior to construction. Hacenent of groins should
accommodat e cul tural resource protection in so far as practical, while
acconpl i shing the prinary purpose of the project.
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Presque Isle, Pennsylvania (Oct. 1965)

Shoreline

Concrete ,rock,or asphalt cell cap may be used
to cover sand-or rock-filled cells

Steel sheet piles
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Dimensions and details to be

determined by particulor site
conditions.
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1
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Figure 5-11. Irregul ar beach forned by cellular steel sheet-pile groin
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i Envi ronment al Summary.

(1) Environmental design. Downdrift erosion will often be an inportant
envi ronnent al consideration. Downdrift erosion can be aneliorated by provid-
ing beach fill, reducing groin height (overpassing) and | ength (endpassing),
or incorporating perneability. The selection of construction materials can
al so be inportant to the overall inpact of the project. Because rubbl e-nmound
structures provide a variety of living spaces and a firmsurface for attach-
ment, they are often considered beneficial habitats.

(2) Environment assessnent.

(a) Short-terminpacts. Construction operations are a source of severa
types of short-terminpacts. Transportation of construction materials and
operation of heavy equi pment at the project site will generate |ocalized inci-
dences of air and noise pollution. Flexibility in the scheduling of these
activities should be exercised to mnimze disturbance of coastal biologica
resources, especially during critical spawning and nesting periods. Short-
termevents of elevated turbidity induced by groin construction or associ ated
beach fill will occur. As discussed under water quality inpacts, proper pre-
cautions shoul d be taken to reduce suspended sediment effects if sensitive
organi sns or habitats are present.

(b) Long-terminpacts. Long-terminpacts of groin construction, as for
jetty and breakwater construction, are difficult to assess. Downdrift ero-
sional problens are by far the major topic of concern, and these will vary in
magni t ude anong di fferent projects. Deprivation of downdrift shorelines ap-
pears to be a cunulative inpact in that large groin fields may take extended
periods to attain their sedinent entrapnent capacities. Therefore, the down-
drift erosional process, if not mtigated by nourishment or sand bypassing,
could be both severe and prol onged. Such erosion may produce recreationa
i mpacts (loss of downdrift beach area), cultural resource inpacts (erosion of
cultural sites), and biological inpacts (erosion of biologically productive
habi t at s) .
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